Appendix I: Details of Handsheet Study for Hudson Web Gloss 



Table 1. 1 



Case 


Filler % 


Kraft % 


Groundwood % 


Refining (CSF) 


1 (control) 


8 


58 


42 


600 


2 


6 


55 


45 


550 


3 


10 


55 


45 


550 


4 


6 


63 


37 


550 


5 


10 


63 


37 


550 


6 


6 


55 


45 


630 


7 


10 


55 


45 


630 


8 


6 


63 


37 


630 


Q 

t 


1.0 

t 


.63 


n 


630 



Case 10: Same as control, case 1, but cold calendered (steel-to-steel) to 556 pli 
,e 1 1 : Same as control, case 1 , but cold calendered (steel-to-steel) to 1 1 1 1 pli 



Appendix II: Data for Determining Fracture Toughness Based on the E. W. F. Approach 

We present here the data for fracture energies for the tested samples, along with standard 
deviations and normalized fracture energies. 

Table II. 1 : Fracture energy and related data for tested handsheets 



Sample jtsampie s. 


;om merits r 


dumber ot 


L 




B.W. 




i/Vt- b.U. 


l/Vf/(Lt) 


label [bub-label 




amples 


(mm) 


[mm) 


(gsm) 


(J) 


IJ) 


[J/mm2) 


Case 1A MD10 C 


Antral 


10 


10 


0.105 


41.4 


0.011 


U.001 


0. 01048b! 


MD15 




6 


1b 


0.102 


41.4 


0.018 


0.001 


0.011/119 


MU20 




fci 


20 


0.10b " 


41.8 


U.028 


0.OU1 


0.01238/b 


jMU2b 




6 


2b 


0.106 " 


42./ 


0.03/ 


0.003 


0.01393b 


|CD10 




10 


10 


0.103"" 


42.1 


0.004 


0 


0.0038/4/ 


CD15 




6 


1b 


0.109 


43./ 


0.008 


O.OOI 


U.0049U2 


CD20 
■ 1C025" 




fci 


20 


0.103 


41.8 


0.011 


O.0O1 


0.0083218 








'0.105 


43.1 


0.019 


0.002 


0.00/220b 


1B |MU10 
MD15 ' 


Repeat 


10 


10 


0.100 


39.4 


O.OI 


O.UU1 


0.0O999bb 
n /\ j on ■< o 




6 


1b 


otido" 


39.9 


0.02 


0.003 


0.0133118 


MD20 




6 


20 


0.109 


4b. 3 


0.028 


0.002 


0.0128b3iC 


|MD2b 




6 


2b 


0.099 


40.8 


U.OJb 


0.004 


U.U1b3id44~ 

— r\ t\t\AO 7H I 


CD10 




10 


10 


0.103 


41.2 


0.00b 


0.001 


0.0048/b/ 


|CD1b 




6 


1b 


0.101 


39./ 


0.009 


0.001 


0.0089493 


|CD20 




6 


20 


o.ioa 


4b. 4 


0.014 


0.002 


0.0084/8 


|CL)2b 




6 


2b 


0.10/ 


43.4 


0.018 


0.001 


0.008/29/ 


1C MU1U 


Repeat 


1U 


10 


0.104" 


42.8 


0.012 


0.001 


0.0118332 


MD1b 




6 


1b 


0.102 


41.8 


0.019 


v.uvz 


0.0123/93 


MD20 




6 


20 


U.1U2 


42.3 


0.02/ 


0.00^ 


0.01319/!Z 


MD25 




8 


2b 


0.09/ 


39.2 


0.034 


0.003 


0.0140895 


|cmo 




10 


10 


0.103 


43.b 


O.OOtt 


O.OOI 


o.oobtsza/ 


CD15 




6 


1b 


0.103 


42L5] 


0.008 


0.001 


0.008181/ 




CD20 




8 


20 


0.101 


41.9 


0.012 


0 


0.0059352" 




CD25 




6 


2b 


0.100 


41.2 


0.018 


0.002 


0.0063844 


Case 2 


MD10 




10 


10 


0.101 


" 42.1 


0.012 


0.001 


0.0118582 




MD15 




6 


1b 


0.100 


41.8 


0.021 


0.002 


0.0139814 




MD20 




fc> 


2U 


0.102 


41.8 


0.031 


O.OOid 


0.0182844 


MD25 




6 


2b 


0.102 


41./ 


0.04 


0.002 


O.OIbblBI 


|CD10 




10 


10 


0.101 


41 .b 


0.00b 


0 


0.0049593" 


|CD1b 




6 


1b 


0.101 


4T3 


0.008 


0.001 


0.00b28/b 


[CD20 




6 


20 


0.099 


39./ 


0.012 


0.001 


0.0060468 


CL>2b 




6 


2b 


0.101 


41.2 


0.01/ 


0.001 


0.006/4/3 


Case 3 MD10 




10 


10 


0.10b 


43.8 


0.011 


0.001 


0.0103/48 


MD1b 




6 


1b 


0.104 


43.0 


0.018 


0.001 


0.0115121 


MU20 




fa 


2U 


0.098 


■397B 


0.024 


0.001 


U.UIZiKf 


MU2b 




fa 


2b 


0.103 


42.6 


0.03b 


0.003 


0.01380b4 


CD10 




10 


ID 


0.103 


41. fa 


0.004 


0.001 


0.00389/4 


|CU15 




b 


1b 


0.1 Oh 


43.1 


0.00/ 


u 


0.004484b 


|CU20 




b 


2U 


0.09ii 


39. t 


0.011 


0.001 


0.005639 


ICD25 




fc 


2b 


0.1 Ot 


43."4 


t 0.0ft 


> 0.001 


0.0060788" 


base 4 |MO10 




11 


11 


0.09/ 


39.i 


) 0.01/ 


0.001 


r -HUT234"9tT 


MU1b 




t 


1i 


» 0.101 


) 40.t 


J" 0.021 


O.OOi 


> 0.0T39991 




"|MD20 




fc 


> 21 


) 0.09 


' 40.' 


[ 0.03 1 


0.001 


" 070T59gT5" 
3"T01I1 55728" 
|""07004g639" 
1 _ 0:00664T32" 
^""O "0061 277 
l\ 0"00717f2" 
1 1 0 011568 


7MD25~ 




£ 


> 2i 


> 0.1 0> 


5 42.; 




t odd: 


;CD10 

|CDt5 

ICD20 

|CD25 

'Case 5 " MD10 




-1 u 


) 1t 


) 0.10 


41.1 


j- o:oo 


j 0.00 

rj odo 

I O'OO 

3]'""" "0 00 

r " " " o oo 


! ; 


5 " 1; 

;+ -2 

) ~1 


3 0.101 

jr 0709 

5 1 0710 

3 CT W 


3 40. 

3 "40- 
3 401 
r 43. 


7 00 

s\ 0 01 

5| o"cri 

3 J 0 01 



Table II. 1: Continued 



sample 


Sample 


Comments 


Number of 


L 


t 


B.W. 


Wt 


Wt-S.D. 


Wt/(Lt) 


label 


Sub-label 




samples 


(mm) 


(mm) 


(gsm) 


(J) 


(J) 


(J/mm2) 





Control 


-If) 


ID 


n iri5 


41 4 


(1 011 


o ran 


11 (5KV4HR1 


Case 5 IMU10 




10 


10 


0.104 


43.8 


0.012 


0.001 


0.011568 


MD15 




6 


15 


0.105 


42.9 


0.02 


0.002 


0.0127565 


MU20 




6 


20 


0.102 


42.3 


0.028 


0.002 


0.013/432 


MU25 




b 


25 


0.100 


41.4 


0.034 


U.0U3 


0.01 35341 


[CDIO 




10 


10 


0.100 


41.8 


0.005 


0 


0.0050064 


ICD15 




6 


1b 


0.105 


43.1 


0.008 


0.001 


0.00b0y44 


CD20 




6 


20 


0.101 


42.9 


0.012 


0.001 


O.O0b93/» 


]CU25 




6 


25 


0.103 


41.3 


0.015 


0.002 


0.0058511 


Case 6 MD10 ' 




10 


10 


0.107 


41.b" 


0.012 


0.001 


0.U1 1241b 


MD15 




6 


15 


0.108 


42.9 


0.02 


0.002 


0.0123577 


MU20 




6 


20 


0.107 


41.3 


0.029 


0.003 


0.0135959 


[MU25 




6 


25 


0.106 


40.6 


0.037 


0.002 


0.0139638 


CD10 




10 


10 


0.109 


43.7 


0.006 


0.001 


0.005499 


LCD15 




6 th 


.0.1.12 


4z.y 


mm 


IJ 




|CU20 




a\ 20 


0.104 


40.4 


0.012 


0.001 


0.00b/616 


: J/.:i.wK 








-g.i'JS 


-=42.-3 


Q£17 


""2 




Case / jiviuiu 




10 


10 


0.111 


43.8 


0.011 


0.001 


0.00992T4" 


MU15 




6 


15 


0.109 


42.7 


0.017 


0.002 


0.0103914 


[MU20 




6 


20 


0.107 


42.0 


0.024 


0.001 


0.0111789 


MU2b 




6 


25 


0.112 


43.9 


0.036 


0.003 


0.01280/2 


" CD10 




10 


10 


0.105 


42.5 


0.004 


0.001 


0.003/968" 


cm 5 




6 


15 


0.109 


42.3 


0.007 


0.001 


0.0042976 


CD20 




6 


20 


0.105 


41. b 


0.011 


0.001 


0.0052268 


CD25 




6 


25 


0.109 


42.5 


0.016 


0.001 


0.0058W 


Case 8 MD10 




10 


10 


0.109 


43.2 


0.014 


0.002 


0.0127985 


MU16 




6 


15" 


0.105 


42.2 


0.021 


0.002 


0.0132/08 


MU20 




6 


20 


0.106 


42.4 


0.031 


0.003 


0.0145818 


|MD25 




6 


25 


0.107 


42.9 


0.04b 


0 004 


0.0168484 


|CU10 




10 


10 


0.104 


40.6 


0.005 


0.001 


0.004/978 


|CU1b 




6 


1b 


0.105 


41.8 


0.009 


0.002 


0.00b699/ 


ICD20 




6 


20 


0.101 


40.2 


0.013 


0.001 


0.00641 a 


jCL>25 




6 


25 


0.105 


42.b 


0.02 


0.002 


0.0076158 


Case 9 MD10 




10 


10 


0.107 


43.2 


0.011 


0.002 


0.0102608' 


MD15 




6 


1b 


0.106 


43.5 


0.019 


0.002 


0.0119606" 


|MD20 




6 


20 


0.104 


42.8 


0.027 


0.004 


0.01293 


|MU2b 




6 


25 


0.105 


42.1 


0.033 


0.002 


0.0125728 


1CU10 




10 


10 


0.114 


42.2 


0.005 


0.001 


0.0043933" 


|CD15 




6 


15 


0.106 


42.9 


0.009 


0.001 


0.0056753 


IC02U 




6 


20 


0.105 


43.0 


0.012 


0.002 


0.005/334 


CU25 




6 


25 


0.104 


41.3 


0.015 


0.001 


0.0057606 


CaselOA MU10 


Kepeat ot 


10 


10 


0.110 


43.3 


0.011 


0.001 


0.0100379" 


MD15 


Case 1 


6 


15 


0.105 


42.8 


0.019 


0.002 


0.0120377 


|MD20 




6 


20 


0.102 


41.4 


0.025 


0.002 


0.0122828 


[MU25 




6 


2b 


0.1U4 


41.6 


0.03b 


0.003 


0.013505/ 


CU1U 




10 


10 


0.108 


43.3 


0.005 


0.001 


0.0046094" 


jCD15 




6 


15 


0.105 


42.7 


0.008 


0 001 


0.0050654" 
~O70O59T7T 


ICD20 




6 


20 


0.101 


41.5 


0.012 


0700T 


|CD2b 




b 


25 


o.i 


41 2 


0.016 


0.001 


U 00620TB" 


Case 1UB MU10 


Kepeat ot 


10 


10 


0.105 


42.1 


0.011 


0.001 


0.0105243 
"T370T2Tr8r 
-0""01'246T3" 
"W1 32009" 
~O70O39791" 

0""004"492T 
! 0 0058174 
J 0 0060448 


jM01b" 


Case 1 


6 


15 


0.10b 


42.1 


0~0T9 


07001 
07003 
07002 


IMU2U 




fc> 


20 


0.104 


42.5 


0 U26 


MD25" 




b 


25 0.100 


2jcn 


0TJ33 


1CD10 

" ~ 'CD ib " " 
j CO20 
C.l>25 " 




10 10| 0.101 

7 ~ "6 1 "20") 07103 

6 ^ Q. 10- 


39.3 
j "41.2} 
I 40 8 

"41 8 


f~ ~0"00"4 
| 0007 
; 0D12 
' " " 0^016 


1 0 
j 0 001 
; 0 001 

1 " 0 002 



Table II. 1: Continued 



Sample 


Sample 


Comments 


dumber or 


L 


t 


fci.W. 


Wt 


Wf-S.D. 


Wf/(Lt) 


label 


SuWabei 




samples 


(mm) 


(mm) 


(gsm) 


(J) 


(J) 

1 rmrpr 


(J/mm2) 



Case 11 IMU10 


Case 1 


10 


1U 


0.063 


41.b 


u.uuy 


0.002 


0.0142473 


MD15 


calendered 


b 


1b 


0.06b 


42.3 


0.019 


0TU04" 


0.0194418 


|mU20 


to 556 ph 


6 


20 


U.Ubb 


41.9 


0.024 


0.003 


0.0183234 


MD25 




6 


2b 


0.063 


41. b 


0.038 


0.001 


0.024256 


|CD10 




10 


10 


0.0b2 


41.1 


0.004 


0.001 


0.0064931 


jcU1b 




b 


1b 


0.063 


41./ 


0.009 


0.001 


0.00947b9 


|CL>20 




6 


20 


U.U63 


40.5 


0.013 


0.002 


0.0102b91 


|cU25 




6 


2b 


0.064 


42.4 


0.018 


0.002 


0.0112b88 


Case 12 jMUlU 


Case 1 


10 


10 


0.054 


42.1 


0.006 


0.001 


0.0111198 


jMD15 


calendered 


b 


15 


0.053 


41.9 


0.01 


0.002 


0.0126219 


MU20 


to 1111 pli 


6 


20 


0.054 


41.3 


0.014 


0.002 


0.0129b18 


ML)2b 




6 


2b 


0.052 


39.1 


0.01b 


0.002 




|CU10 




10 


10 


0.054 


41.6 


0.003 


0.001" 


0.00b5809 


jCUIb 




b 


1b 


O.Obl 


41.8 


0.005 


0 


0.006495 


|CU20 




I 6 


20 


0.052 


42.2 


0.00/ 


0.001 


0.0066836 


1 ICD25 




6 


2b 


.0 0b1 


4UJU 




JUHM 





Table II.2: Normalized fracture energies for handsheet study 



Sample t 


Sample t 


;om merits 




Wt/(Lt) 


Wt/(L*B.W. 


i/Vt/(L"b.W. 


label i 


Sub-label 






(kJ/m2) 


(J.m/kg) 


[a.u.) 


Case 1A r 


rfDIO C 


;ontrol 




10.49 


26.5/ 


2.42 


f 


rtD15 








29.01 


1.61 


f 


\/IU20 






12.3b 


31.11 


1.20" 


! 


VID25 






13.94 


34.66 


2.81 


( 


JD10 






3.8/ 


9.49 


0.00 




JD1b 






4.90 


12.21 


1.b3 




JD20 






5.32 


13.22 


1.20 




ZD2S 






/.22 


1/.62 


1.85 


TET 


MD10 


Repeat 




10.00 


2b. 39 


2.54 




MD1b 






13.31 


33.42 


5.01 




MD20 






12.88 


30.89 


2.21 




MU2fa 




15.32 


37.22 


3.92 


I 


CD10 






4:88 


12.1b 


'2:4.51 




CD15 




5. 9b 


15.11 


1.68! 




CD2D 




6.48 


1b.41 


2.20" 




CU25 




6-/3 


16.61 


0.92 


1C 


MD10 


Repeat 


11.53 


28.1b 


2.35 




MD1b 




12.38 


30.4/ 


3.21 




MD20 




13.19 


31.90 


2.36 




MD25 




14. OB 


34.69 


3.06 




CD10 




b.83 


13./9 


2.30 




CD15 




b.18 


12.bb 


1.5/ 




CU20 




b.94 


14.32 


0.00 




CD26 




6.38 


15.55 


1.94 


Case 2 


MD10 




11.86 


28.51 


2.38 




MU1b 




13.98 


33.49 


3.19 




MD20 




1b.26 


3/.26~ 


2.40 




MD25 




1b.62 


38.3/ 


1.92 




CD10 




4.96 


12.04 


0.00 




CD15 




b.29 


12.85 


1.61 




CD20 






6.0b 


15.11 


1.26 




CD25 






B./b 


16.52 


0.9/" 


Case 3 


MD10 






10.3/ 


2b. 10 


2.28 




MD15 






11. b1 


2Z.89 


1.5b 




MD20 






12.29 


30.30 


1.26 




MD25 






13.61 


32.94 


2.82 




CD10 






3.90 


9.65 


2.41 




CD15 






4.4b 


10.82 


0.00 




CD20 






5.64 


13.9i 


1.2/ 




CD25 






B.Ofc 


! 14. It 


> 0.92 


Case 4 


MD10 






12.3i 


, 30.0i 


) 2.51 




"IMD15 






14.01 


) 34. 2( 


) 3.26" 
r 1T24" 


,MD2U j 




r 15.9t 


5 38.31 


MD25 j 




I 1b.b 


' 3/. a: 


5" 27B41 




CD10 | 




4.yt 


> 11.9; 


3 2.39" 1 




;c[)ir> ! 




j " B6' 


X 1673" 


7 1764" 




7CD20 






: g.i: 


VT "T4T8 


1 1723 




CD25 " ; 




; 7"17| 17.7 


I 1.97 


- C.n<-,<\ r> 


MOID 




' ' -. :i;i 57 ~~ 71 3 


.J..Z28. 



Table II.2: Continued 



Sample 


Sample 


uOiiirnciuo 


label 


Sub-label 




Case 1A MU10 


Control 


( 




MD10 









MD15 








MD20 








MD25 








CD10 








CD15 








CD20 








CD25 






Jase b 


MD10 








MD15 








MD20 








MD.25 








CD10 








UD IX) 








CU20 








CD25 






Case / 


MD10 








MD15 






MD20 








MD25 








CD10 








CD15 








CD20 








CU25 






Case 8 


MD10 








MD15 






MD20 






|MD25 






|CD10 






|CL>15 






|CU20 






jcL)25 






Case 9 


1MD10 






MD15 






MD20 






MU25 






CD10 






CD1 5 






CU20 








|CU25 






Case TO/T" 


Ibid 10 


Repeat ot 




JMD15 


Case 1 




[ " |MD20 








jMD25 








jCD10. 








"jCDT5 
"iCD20 
,CD25~ ~" 




'Case 10B 


MD10 " " 


'Repeat "of "" 



Wf/(Lt) 


Wf/(L*B.W. 


Wf/(L*B.W. 


(kJ/m2) 


<J.m/kg) 


(S.D.) 


10.49 


26.57 


2.42 




11.57 


2/. 38 


2.28 




12.76 


31.06 


3.11 




13.74 


33.10 


2.3b 




13.53 


32.86 


2.90 




5.01 


11.95 


0.00 




5.09 


12.3/ 


1.55 




5.94 


13.98 


1.1 / 




5.85 


14.54 


1.94 




11.24 


2».85 


2.40 




12.36 


31 .06 


3.11 




13.60" 


35.14 


3.63 




13.yfcs 


38.45 


i.-oi 




5.50 


13./2 


2.29 






TS.W 


D.'OU 




5.76 


14.85 


1.24 




6.2/ 


16.08 


i.ay 




9.92" 


2b. 11 


2.28 




10.39 


26.52 


3.12 




1 1 18 


28.5/ 


i.iy 




12.81 


32.83 


2./4 




3.80 


9.40 


2.35 




4.30 


11.03 


1.58" 




5.23 


13.26 


1.21 




5.89 


15.06 


o.y4 




12.80 


32.42 


4.b3 




13.27 


33.16 


3.1b 




14.58" 


36.54 


3.54 




16.85 


41.9b 


3./3 




4.80 


12.33 


2.4/ 




5.70 


14.35 


3.19 




6.42 


1b. 1 / 


1.24 




7.62 


18.82 


1.88 




10.2b 


25.4/ 


4.63 




11.96 


29.15 


3.0/ 




12.93 


31.53 


4.6/ 




12.5/ 


31.35 


1.90 




4.39 


11.85 


2.3/ 




5.68 


13.98 


1.55" 




5.73 


13.95 


2.33 




5.76 


14.53 


0.9/ 




10.04 


25.39 


2.31 




12.04 


29.5/ 


3.11 




12. 2« 


30.21 


2.42 




U 13.51 


33.65 


2.88"" 


; 4761 


11.54 


2.3T 


, 5707 


T274S 


t 1.55" 


• 5~92 


r T4 - M 


>' 1720" 


"672C 


) "15:55{ "0797 


"10" 52 


> 26714" 2.38" 



Table II.2: Continued 



Sample 


Sample 


Comments 


label 


Sub-label 





Case 10B 


MD10 


Repeat ot 




MD15 


Case 1 




MD20 






MD25 






CD10 






CU15 






CU20 






CD25 




Case 1 1 


MD10 


Case 1 




ML)1b 


calendered 




MU20 


to 556 ph 




MD25 






cmo 






CD15 






CD20 






CD25 




Case 12 


MU10 


Case 1 




MD15 


calendered 




MD20 


to 1 1 1 1 pli 




MD25 






CD10 






cms 






CD20 






CD25 





VW(li) 


VW(L"b.W. 


Wf/(L*B.W. 


(kJ/m2) 


(J.m/kg) 


(S.U.) 


10.49 


26.5/ 


2.42 


10.52 


26.14 


2.38 


12.12 


30. uy 


1.58 


12.46 


30.58 


3.53 


13.20 


32.92 


2.00 


3.98 


10.18 


0.00 


4.49 


11.2/ 


1.61 


5.82 


14.69 


1.22 


6.04 


15.32 


1.92 


14.25 


21. /1 


4.83 


19.44 


29.94 


6.30 


• 18.32 


28.64 


3.58 

"o:96 


24.26 


^36766 


6.49 


.9_74 


.7 43 


9.48 


14.39 


1.60 


10.26 


16.04 


2.4/ 


11.26 


16.98 


1.89 


11.12 


14.26 


2.38 


12.62 


15.91 


3.18 


12.yb 


16.96 


2.42 


11.53 


15.36 


2.05 


5.58 


/.21 


2.40 


6.49 


7.9/ 


0.00 


6.68 


8.30 


1.19 


7.12 


9.00 


1.00 



Appendix III 

Table IH.l: Physical Properties of Test Samples 



Sample 


Basis wt. 


Thickness 


Apparent 
density 


Extension 
at break 


Tensile 
strength 


Elastic 
modulus 


0.2% Yield 
stress 




(g/m>) 


(mm) 


(g/cm 3 ) 


(%) 


(MPa) 


(MPa) 


(MPa) 


Case 1 MD 


42.9 


0.104 


0.415 


2.761 


30.7 


2,667 


19.7 


Case 1 CD 


42.9 


0.104 


0.415 


2.285 


9.3 


895 


7.3 


Case 2 MD 


43 


0.105 


0.410 


2.377 


30.7 


2,850 


20.2 


Case 2 CD 


43 


0.105 


0.410 


2.051 


10.2 


989 


8.3 


Case 3 MD 


42.1 


0.100 


0.422 


2.474 


30.4 


2,726 


19.6 


Case 3 CD 


42.1 


0.100 


0.422 


2.243 


9.3 


917 


7.4 


Case 4 MD 


40.3 


0.100 


0.402 


2.023 


30.3 


2,877 


20.7 


Case 4 CD 


40.3 


0.100 


0.402 


2.408 


11.4 


1,177 


8.8 


Case 5 MD 


43.4 


0 -102 


-0-425 


2.283 


3 1 .4 


2,7 *9 


JLl.X) 


Case 5 CD 


43.4 


0JQ2 


0_425 




J£) 4 




7 7 


Case 6 MD 


42.5 


0.109 


0.391 


2.350 


30.0 


2,646 


20.0 I 


- Case 6 CD 


42.5 


0.109 


0.391 


2.038 


9.2 


916 


7.2 


■ Case 7 MD 


41.6 


0.106 


0.391 


2.405 


24.6 


2,274 


17.1 


Case 7 CD 


41.6 


0.106 


0.391 


1.902 


8.8 


909 


7.1 


Case 8 MD 


42.5 


0.103 


0.411 


2.569 


30.8 


2,742 


19.1 


Case 8 CD 


42.5 


0.103 


0.411 


2.134 


9.9 


1,015 


7.9 


Case 9 MD 


41.1 


0.102 


0.403 


2.460 


26.5 


2,483 


17.3 


Case 9 CD 


41.1 


0.102 


0.403 


1.996 


8.6 


919 


6.6 


CaselOMD 


41.5 


0.063 


0.658 


2.242 


38.9 


3,705 


26.7 


CaselOCD 


41.5 


0.063 


0.658 


2,680 


13.7 


1,083 


9.2 


Case HMD 


41.3 


0.057 


0.727 


0.718 


24.3 


4,421 




j CasellCD 


41.3 


0.057 


0.727 


1.478 


10.4 


1,234 


8.8 



Table 1112: Fracture Toughness Data 



Sample 


Fracture toughness 


Fracture toughness 


Fracture toughness 


Ductility (=$*w p ) 




(J.m/kg) 


(R-squared) 


(MD/CD) 


(J/g) 


Case 1 MD 


21.10 


0.987 


4.96 


0.528 


Case I CD 


4.25 


0.942 




0.508 


Case 2 MD 


22.70 


0.935 


2.63 


0.667 


Case 2 CD 


8.63 


0.972 




0.314 


Case 3 MD 


20.00 


0.999 


3.43 


0.519 


Case 3 CD 


5.83 


0.949 




0.369 


Case 4 MD 


25.50 


0.852 


2.63 


0.548 


Case 4 CD 


9.70 


0.673 




0.315 


Case 5 MD 


24.60 


0.817 


2.48 . 


0.37 



Case 5 CD 


9.93 


0.945 




0.188 


Case 6 MD 


23.50 


0.966 


1.97 


0.538 


Case 6 CD 


11.90 


0.93 




0.158 


Case 7 MD 


19.40 


0.937 


3.55 


0.504 


Case 7 CD 


5.46 


0.997 




0.384 


Case 8 MD 


24.80 


0.903 


3.12 


0.64 


Case 8 CD 


7.96 


0.993 




0.426 


Case 9 MD 


22.40 


0.841 


2.07 


0.401 


Case 9 CD 


10.80 


0.765 




0.16 


CaselOMD 


14.00 


0.842 


2.29 


0.87 


CaselOCD 


6.11 


0.88 




0.467 


Case HMD 


14.10 


0.248 


2.30 


0.087 


Case 11 CD 


6.13 


0.979 




0.114 



fable 1113: Miscellaneous Strength-Related Propertie; 



Sample 


Internal 
bond(10- 3 ) 


Tear 


Tear 

(MD/CD) 


Stiffness j 
(Gurley) 


Z-direction 
tensile 


Zero-span 
tensile 


Formation 
index 




(ft.-lbf) 


(gf) 




(mgf) 


(lb/in 2 ) 


(N/cm) 


(Kajaani) 


Case 1 MD 


118 


25.6 


0.542 


50.9 


98 


70.8 


99 


Case 1 CD 


132 


47.2 




17.2 


98 


28 


99 


Case 2 MD 


126 


22.4 


0.500 


53.9 


124 


70.4 


99.3 


Case 2 CD 


130 


44.8 




19 


124 


30.8 


99.3 


Case 3 MD 


104 


20.8 


0.456 


46.3 


113 


68.9 


101 


Case 3 CD 


96 


45.6 




14.6 


113 


27.6 


101 


Case 4 MD 


127 


22.4 


0.483 


45.8 


106 


67 


96 


Case 4 CD 


129 


46.4 




16.2 


106 


30.4 


96 


Case 5 MD 


115 


24 


0.484 


48.5 


114 


70.8 


97.7 


Case 5 CD 


116 


49.6 




18.2 


114 


28.4 


97.7 


Case 6 MD 


137 


25.6 


0.533 


52.9 


110 


70 


100.3 


Case 6 CD 


128 


48 




20.2 


110 


28.4 


100.3 


Case 7 MD 


98 


22.4 


0.500 


43.7 


103 


61.2 


101.3 


Case 7 CD 


95 


44.8 




17.3 


103 


27.2 


101.3 


Case 8 MD 


129 


26.4 


0.465 


50.8 


107 


71.2 


97.7 


Case 8 CD 


125 


56.8 




16.2 


107 


30.4 


97.7 


Case 9 MD 


102 


24 


0.508 


42.9 


104 


63.5 


101 


Case 9 CD 


103 


47.2 




16.1 


104 


28.4 


101 


CaselOMD 


97 


13.5 


0.375 


22.9 


88 


64.3 


107.5 


CaselOCD 


88 


36 




6.8 


88 


28 


107.5 


Case HMD 


104 


15 


0.725 


20.4 


101 


63 


88.5 


Case 1 1 CD 


110 


20.7 




5.57 


101 


26.8 


88.5 



